A series of novel [1,2,3]-triazolyl substituted benzo[c]coumarins have been synthesized by reacting various 3-coumarinoyl methyl pyridinium bromide salts with 1-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)ethanones in the presence of sodium acetate in refluxing acetic acid. The structures of the synthesized compounds have been elucidated by IR, 1 H-NMR, 13 C-NMR and Mass spectral data. All the synthesized compounds have been screened for their in vitro anti-bacterial and anti-fungal activities. Some of the compounds have been found to be active against some bacterial and fungal pathogens compared to standard drugs.
Introduction
Benzo [c] coumarins form an important class of coumarin derivatives and are isolated from plant and animal sources and are mainly metabolic products of microorganisms [1] - [3] . In literature many reports are there for isolation of natural products having benzo[c]coumarin skeleton such as urolitin B [4, 5] , alternariol [6] , autumnariol, autumnariniol [7] , altenuisol [8] , arnottin [9] , defucogilvocarcin [10] etc. Certain benzo [c] coumarins are reported to be used as an intermediate for the synthesis of variety of pharmaceutically interesting compounds including progesterone, androgen, glucocorticoid modulators [11] - [13] , endothelial cell proliferation inhibitors [14] and anti-dyslipidemic agents [15] . Many benzo[c]coumarin derivatives are reported to possess various antibiotic [16] , anticancer [17] , antiviral [18] , anti-mutagenic [19] , anti-proliferative [20] , antiallergic [21] , cytotoxic [22] , AChE inhibitory activity [23] , antioxidant and free radical scavenging activity [24] etc.
A literature survey for the synthesis of benzo [c] coumarins revealed that in majority of the reports on the synthesis of benzo [c] coumarins, the compounds have been synthesized by the lactonization of appropriately substituted biphenyl derivatives [25] - [27] . In the present work we have synthesized some new benzo[c]coumarin derivatives utilizing a novel and distinct approach.
Triazoles form an important class in heterocyclic chemistry. Many [1, 2, 3] -triazole derivatives are known for their varied biological activity such as anti-HIV [28] , antimicrobial [29] , antihistaminic [30] , anti-proliferative [31] , antiviral and cytotoxic properties [32] , antiinflammatory agents [33] , β-lactamase inhibitors [34] , agonists of muscarine receptors [35] , antagonists of GABA receptors [36] etc. In addition to above biological activities certain [1, 2, 3] triazoles are also known for their fungicidal and plant growth regulator properties and are used as agrochemicals. Certain triazole derivatives are also reported to be used in industry as dyes, corrosion inhibitors and photo stabilizers [37] .
Thus considering the importance of benzo[c]coumarins and triazoles, it was thought worthwhile to synthesize a new class compounds which are hybrid of benzo[c]coumarin and [1,2,3]-triazole. Keeping this objective in mind in the present work we have synthesized some [1, 2, 3] -triazolyl substituted benzo[c]coumarins using a new synthetic approach.
Experimental
All the melting points are uncorrected. All reactions were performed with commercially available reagents and they were used without further purification. Organic solvents were purified by standard methods and stored over molecular sieves. All the IR spectra (KBr disc) were recorded on Shimadzu FT-IR 8400-S spectrometer.
1 H NMR and 13 C NMR spectra were recorded on Bruker Advance 400 spectrometer operating at 400 MHz for 1 H NMR and 100 MHz for 13 C NMR. The chemical shift (δ) is reported in ppm using chloroform-d as a solvent and calibrated standard solvent signal. Mass spectra were recorded on Shimadzu QP 2010 spectrometer. Elemental analysis was carried out on Perkin-Elmer 2400 C-H-N-S-O Analyzer Series-II. Column chromatography was performed with silica gel 60-120 mesh (Merck, Mumbai, India.). All the compounds were routinely checked for completion of the reaction on silica gel 60 F254 TLC plates and their spots were visualized by exposure to a UV lamp, iodine vapour or KMnO4 reagents. Compounds 3-coumarinoyl methyl pyridinium bromide salts (1a-c) [38] - [40] and 1-(5-methyl-1-aryl-1H-1,2,3-triazol-4-yl)ethanones (2a-d) [41] were prepared according to literature procedure.
General procedure for the synthesis of 7-hydroxy-9-(5-methyl-1-aryl-1H-1,2,3-triazol-4-yl) benzo[c]coumarins (3a-l)
A solution of an appropriate 3-coumarinoyl methyl pyridinium bromide salt (1a-c) (0.004 mol) in glacial acetic acid (40 mL) was added in a round bottom flask. To this, sodium acetate (0.012 mol) and appropriate 1-(5-methyl-1-aryl-1H-1,2,3-triazol-4-yl)ethanone (0.004 mol) (2a-d) was added with stirring at room temperature during 10 minutes. The reaction mixture was further stirred for 20 minutes at room temperature and then refluxed for 8 hours. It was then allowed to cool to room temperature and poured into ice-cold water and extracted with chloroform (3 x 30 mL). The combined chloroform extract was washed with water (2 x 20 mL) and then dried over anhydrous sodium sulphate. The removal of chloroform under reduced pressure gave a solid product, which were subjected to column chromatography using chloroform-petroleum ether (60-80) (8:2) as an eluent to obtain the pure product (3a-l) (scheme-1).
Analytical and Spectral Characterization
The structure of all the twelve synthesized (3a-l) compounds were confirmed by their 1 H-NMR, 13 C-NMR, IR, elemental analysis and representative mass spectral data given below. -(p-chloroyphenyl)-5'-methyl-1H-1,2,3 -7-hydroxy-9-[5'-methyl-1'-phenyl-1H-1,2,3-triazole-4 -7-hydroxy-9-[1'-(p-chlorophenyl)-5'-methyl-1H-1,2,3-triazole-4 
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Results and discussion
Chemistry
With a view to synthesizing some new [1, 2, 3] triazolyl benzo[c]coumarins adopting new synthetic route the present work was carried out. In the present work, various 7-hydroxy-9-(5- methyl-1-aryl-1H-1,2,3-triazol-4-yl) benzo[c]coumarins (3a-l) have been synthesized by reacting appropriate 3-coumarinoyl methyl pyridinium bromide salt (1a-c) with various 1- (5-methyl-1-aryl-1H-1,2,3-triazol-4-yl)ethanones (2a-d) in the presence of sodium acetate in refluxing acetic acid. The required triazole derivatives (2a-d) were prepared by reacting appropriate aryl azide with acetyl acetone in the presence of potassium carbonate (Scheme-1). The structures of all the synthesized compounds (3a-l) were established by IR, 1 H-NMR, 13 C-NMR and selected mass spectral data are shown in experimental section 2.2. Scheme 2: Plausible mechanism for the synthesis of target compounds (3a-l)
Biological results
Antimicrobial activity
The newly synthesized target compounds (3a-l) were evaluated for their in vitro antibacterial activity against two Gram positive bacteria Staphylococcus aureus (MTCC 96) and Bacillus subtilis (MTCC 441) and two Gram negative bacteria Escherichia coli (MTCC 443) and Salmonella typhi (MTCC 98). They were also evaluated for their in vitro antifungal activity against Candida albicans (MTCC 227) and Aspergillus niger (MTCC 282) as fungal strains. Broth dilution method was used for the determination of the antibacterial and antifungal activity as recommended by NCCLS [43] . Ampicillin, Chloramphenicol and Norfloxacin were used as standard antibacterial drugs, whereas Griseofulvin and Nystatin were used as standard antifungal drugs. All MTCC cultures were collected from Institute of Microbial Technology, Chandigarh and tested against above mentioned known drugs. Mueller-Hinton broth was used as the nutrient medium for the test bacteria and Sabouraud Dextrose broth was used for the test fungi. Inoculum size for the test strains was adjusted to form of primary and secondary screening. The synthesized compounds (3a-l) were screened for their antibacterial and antifungal activity at the concentration of 1000, 500 and 250 μg/mL for the primary screening. The synthesized compound showing activity against microbes in the primary screening were further screened in a second set of dilution at concentrations of 200, 100, 62.5, 50 and 25 μg/mL. The suspention of 10 μL from each well were further incubated and growth was noted at 37°C after 24 hour for bacteria and 48 hour for fungi. The lowest concentration which showed no visible growth (turbidity) after spot subculture was considered as the minimum inhibitory concentration (MIC) for each compound. The investigation of the data summarized in ( Table-1 ) reveals that many compounds were found to be active against Gram-positive bacteria while some of the compounds were found to be active against Gram-negative bacterial and fungal species as compared to that of the standard antimicrobial drugs.
Antimicrobial evaluation
The compounds (3a-l) were screened for their in vitro antibacterial and antifungal evaluation against various bacterial and fungal pathogens by broth dilution method. Ampicillin, Chloramphenicol, Norfloxacin, Griseofulvin and Nystatin were used as standard drugs. The values of MIC are summarized in Table-1 .
Review of the antimicrobial activities of synthesized compounds (3a-l) in (Table-1) indicated that compounds 3e (MIC=100, μg/mL) exhibited excellent activity toward Gram-positive bacteria Bacillus subtilis as compared to Ampicillin (MIC=250, μg/mL) and showed equipotent activity to Norfloxacin (MIC=100, μg/mL). Against Gram-positive bacteria Bacillus subtilis, compound 3k (MIC=150, μg/mL) showed activity higher than that of Ampicillin (MIC=250, μg/mL). Compounds 3b, 3f and 3j (MIC=200, μg/mL) displayed better activity than Ampicillin (MIC=250, μg/mL) toward Gram-positive bacteria Bacillus subtilis. Compounds 3a, 3h and 3i (MIC=250, μg/mL) showed results equivalent to that of Ampicillin (MIC=250, μg/mL) toward Gram-positive bacteria Bacillus subtilis. Against Gram-positive bacteria Staphylococcus aureus, compound 3e (MIC=62.5, μg/mL) showed excellent activity as compared to Ampicillin (MIC=250, μg/mL). Compounds 3f and 3k (MIC=100, μg/mL) were found to be more effective against Grampositive bacteria Staphylococcus aureus than Ampicillin (MIC=250, μg/mL). Compounds 3b, 3g and 3j (MIC=200, μg/mL) showed good activity against Gram-positive bacteria Staphylococcus aureus as compared to Ampicillin (MIC=250, μg/mL). Against Gram-positive bacteria Staphylococcus aureus, compound 3a and 3i (MIC=250, μg/mL) showed equipotent activity to that of Ampicillin (MIC=250, μg/mL).
Moreover, Against Gram-negative bacteria Escherichia coli, compounds 3i and 3j (MIC=62.5, μg/mL) showed excellent activity as compared to Ampicillin (MIC=100, μg/mL). Where as compounds 3a, 3h and 3k (MIC=100, μg/mL) showed activity comparable to Ampicillin (MIC=100, μg/mL) toward Gram-negative bacteria Escherichia coli. Against Gram-negative bacteria Salmonella typhi, compounds 3c, 3h, 3i, 3j and 3k (MIC=100, μg/mL) were found to be equipotent with Ampicillin (MIC=100, μg/mL).
Furthermore, against Candida albicans fungal pathogen, however compound 3f (MIC=250, μg/mL) showed better inhibition action as compare to the standard drug Griseofulvin (MIC=500, μg/mL). Where as compounds 3b, 3h and 3i (MIC=500, μg/mL) showed activity comparable to Griseofulvin (MIC=500, μg/mL) against fungal pathogen Candida albicans.
Majority of the synthesized compounds were active against Gram-positive bacteria viz. Bacillus subtilis (MTCC 441) and Staphylococcus aureus (MTCC 96), Gram-negative bacteria viz. Escherichia coli (MTCC 443) and Salmonella typhi (MTCC 98). Some of the synthesized compounds were found sufficiently potent to inhibit fungal pathogen viz. Candida albicans (MTCC 227).
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Conclusions
A novel and efficient protocol for the synthesis of a series of [1, 2, 3] -triazolyl substituted benzo[c]coumarin derivatives was described and the synthesized compounds were screened for their in vitro antimicrobial evaluation. The results indicated that all the synthesized compounds shown good antibacterial activity. In particular, compounds 3e, 3f, 3i, 3j, and 3k exhibited the more potent inhibitory activity against bacterial and fungal pathogens as compared to other compounds and emerged as potential lead compounds for further investigations.
